(19) 



J 



Europfilsches Patentamt 
European Pat nt Office 
Offlc uropeen d br v t 



(12) 



(43) Date of publication: 

07.06.2000 Bulletin 2000/23 

(21) Applicatbn number: 99309489.5 

(22) Date of filing: 29.11.1999 



(n) EP 1 006 022 A2 

EUROPEAN PATENT APPLICATION 

(51) int CI 7; B60R 13/08 



(84) Designated Contracting States: 


(72) Inventor: Yoshlno, Masao 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Toyota-shi, Alchl-ken (JP) 


MC NL PT SE 




Designated Extension States: 


(74) Representative: Nicholls, Michael John 


AL LT LV MK RO SI 


J.A. KEMP & CO. 




14, South Square 


(30) Priority: 30.11.1998 JP 34046398 


Gray's Inn 




London WC1R5LX (GB) 


(71) Applicant: NEO-EX LAB. INC. 




Toyota-shi, Alchl-ken (JP) 





(54) Shaped foamable materials 

(57) Shaped foamable structures 1 0 for filling hollow 
structural members 1 are described and preferably in- 
clude a shaped foamable material 11 constructed from 
a plurality of foamable pieces 1 2 that are arranged with 
desired clearances and are interconnected with each 
other, and an attaching means 30 for positioning the 



shaped foamable material 1 1 within a cavity 6 of the hol- 
low structural member 1 . Methods of placing the shaped 
foamable structures 10 within the hollow structural 
members 1 and heating the foamable material 11 to ex- 
pand and fill the hollow structural member 1 are also 
described. 
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Dee ripti n 

[0001] Th present invention relates to shaped foam- 
able structures that can be used, for example, to fill a 
cavity of a hollow structural member and to reinforce the 
hollow structural member. The present invention also re- 
lates to shaped foamable materials and attaching devic- 
es that can be used to support the shaped foamable ma- 
terials in a closed box-like hollow structural member 
constructed from a plurality of plates, such as rocker 
panels, pillars and roof side panels of a vehicle body. 
After being expanded, the foam material increases the 
damping and sound insulating powers of the hollow 
structural member and increases the strength and rigid- 
ity of the hollow structural member. 
[0002] Japanese Patent Laid-open Application 
Number 8-208871 , and its corresponding US Patent No. 
5,631,304, describe a foamable material for filling and 
reinforcing a hollow structure. In particular, a foamable 
material having block-like structure is taught and the 
block-like structure preferably has the same profile as 
the interior of the hollow structure. The block-like struc- 
ture is placed against the interior of the hollow structure 
and heated in order to expand or foam the material, 
thereby filling and reinforcing the hollow structure. 
[0003] It is an object of the present teachings to pro- 
vide improved filling and reinforcing shaped foamable 
materials for hollow structures. Preferably, by modifying 
the exterior shape of the shaped foamable material, the 
time required to completely foam the shaped foamable 
material can be significantly reduced. In addition, it may 
be possible to improve the expansion properties of the 
shaped foamable materials. 

[0004] In one aspect of the present teachings, a 
shaped foamable material is formed from a plurality of 
foamable pieces. Preferably, the foamable pieces have 
clearances between each foamable piece, but are inter- 
connected to each other for convenience of use. One or 
more support members or attaching means may be pro- 
vided to position the interconnected foamable pieces 
within the cavity of the hollow structural member. Pref- 
erably, the interconnected foamable pieces do not con- 
tact the interior surface of the hollow structure. Instead, 
only the support members or attaching means contact 
the interior surface of the hollow structure. Therefore, 
the interior surface of the hollow structure can be paint- 
ed after the foamable pieces are mounted inside the hol- 
low structure, and before expanding the foamable piec- 
es, because the foamable pieces do not block or cover 
the interior surface of the hollow structure. 
[0005] With such interconnected foamable pieces, 
external heating for expanding the shaped foamable 
material can be effectively conducted throughout the en- 
tire shaped foamable material. That is, the clearances 
provided b tween the foamable pi ces allow th entire 
shap d foamabl mat rial to be quickly and uniformly 
heated, th reby nsuring that th foam pieces xpand 
at the desired ratio in a short amount of time. 



[0006] Such a shaped foamable material is particular- 
ly advantageous for a hollow structure having a relative- 
ly larg cross-sectional area, because th shaped foam- 
able material should have a corresponding large cross- 

5 sectional area, so as to sufficiently fill the hollow struc- 
ture cavity after expansion. The clearances provided 
within the present shaped foamable materials consider- 
ably reduce the time that it takes to completely foam or 
expand the shaped foamable material compared to 

10 foamable materials having a block shape. For example, 
if a block like foamable material is utilized for a hollow 
structure having a particularly large cross section, the 
center portion of the block like foamable material may 
not sufficiently foam or expand Such problems can be 

75 overcome by the present shaped foamable materials. 
[0007] In one aspect, the interconnected foamable 
pieces of the shaped foamable material can be integrally 
formed by injection molding. This alternative provides 
an easy to use shaped foamable material, if the cavities 

20 of the hollow structures have uniform lengths. In the al- 
ternative, the interconnected foamable pieces can be 
separately formed. After forming the individual pieces, 
the foamable pieces can be interconnected by a variety 
of means for connecting the foamable pieces. There- 

25 fore, the length of the shaped foamable material can be 
easily changed, if necessary. 

[0008] The invention will be further described by way 
of example with reference to the accompanying draw- 
ings, in which: 

30 

FIG. 1 is an exploded perspective view of a shaped 
foamable material for a rocker panel according to a 
first representative embodiment of the present 
teachings; 

35 FIG. 2 is a vertical sectional view of the shaped 
foamable material disposed in a cavity of the rocker 
panel before the shaped foamable material is ex- 
panded; 

FIG. 3 is a sectional view taken along the line IINII 
40 in FIG. 2; 

FIG. 4 is a vertical sectional view of the shaped 
foamable material disposed in the cavity of the rock- 
er panel after the shaped foamable material is ex- 
panded; 

45 FIG. 5 is a sectional view taken along the line V-V 
in FIG. 4; 

FIG. 6 is a schematic view of a vehicle body show- 
ing the position of the rocker panel; 
FIG. 7 is a perspective view of a shaped foamable 

so material of a shaped foamable material for a rocker 
panel according to a second representative embod- 
iment of the present teachings; 
FIG. 8 is a vertical sectional view of the shaped 
foamable material disposed in a cavity of the rocker 

55 pan I before the shaped foamable material is ex- 
panded; and 

FIG. 9 is a perspective vi w of a modified form of 
the shaped foamable mat rial according to the s c- 
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ond representatlv embodiment. 

[0009] In the course of further r searching the foam- 
abie materials described in US Patent No. 5,631,304, it 
was discovered that th expansion or foaming proper- 
ties of the foamable materials could be remarkably im- 
proved by modify the shape of the foamable materials. 
In particular, it was found that a fin like foamable struc- 
ture can be quickly expanded using external heat. This 
fin like structure will expand into a uniform foamed struc- 
ture that provides excellent sound proofing and reinforc- 
ing properties. Other types of structures that improve the 
uniform heating and foaming capabilities of the foama- 
ble materials are naturally contemplated by the present 
teachings. 

[0010] In addition, the block shaped foamable mate- 
rial of US Patent No. 5,631 ,304 is mounted onto the sur- 
face of the hollow structure before expansion. However, 
if the hollow structure has not been painted before the 
block shaped foamable material is placed inside the hol- 
low structure, the portions of the hollow structure interior 
can not be painted to protect the hollow structure interior 
from corrosion. That is, if the foamable material is 
mounted directly onto the interior surface of the hollow 
structure, the foamable material may block the paint 
from reaching the portions of the interior surface of the 
hollow structure. 

[0011] Therefore, in order to provide an improved 
shaped foamable structure, one or more mounting de- 
vices may preferably be used to provide a clearance be- 
tween the foamable structure and the interior surface of 
the hollow structure. Thus, the hollow structure can be 
assembled with the foamable material mounted inside 
the hollow structure using at least one mounting device, 
such that the foamable material does not cover or block 
any interior surfaces of the hollow structure. After paint- 
ing the interior of the hollow structure, for example by 
dip painting, the foamable material can be heated to ex- 
pand and fill the hollow structure. In this case, the inte- 
rior surface of the hollow structure has been painted to 
prevent corrosion. 

[0012] As a result, the foamable materials are prefer- 
ably shaped for hollow structural members, such that 
the shaped foamable material is formed from a plurality 
of foamable pieces that are arranged with desired clear- 
ances and are interconnected with each other. Prefera- 
bly, an attaching means is utilized to position the shaped 
foamable material in a cavity of the hollow structural 
member. The shaped foamable material may preferably 
be disposed within the cavity of the hollow structural 
member in such a way that the foamable pieces of the 
shaped foamable material are arranged along the lon- 
gitudinal direction of the hollow structural member. Most 
preferably, the shaped foamable material has a shape 
appropriate for a rocker panel of a v hide body. 
[0013] The foamable pi ces of the snap d foamable 
material may be integrally formed by injection molding. 
Inth alternative, the respective foamabl pi c s of the 



shaped foamable material may be separately formed 
and then interconnected t provide an easy to use 
shaped foamable material. For example, th foamable 
pieces may be interconn ctedwithac nnecting means, 

5 which for xample may be a tenon and a corresponding 
mortice provid d on the opposite surfaces of each of the 
foamable pieces, respectively. The tenon and mortise 
may have any of a variety of corresponding shapes. 
[0014] In addition, methods of using foamable mate- 

io rials are taught. For example, the shaped foamable 
structure may be disposed inside of a hollow structure 
and the shaped foamable structure andthe hollow struc- 
ture may be heated, thereby expanding the shaped 
foamable structure. Preferably, a cross-linked, rigid 

f5 foam structure is formed within the hollow structure, 
thereby providing sound dampening properties and re- 
inforcing the hollow structure, various compositions 
may be utilized to form the shaped foamable structure. 
Further, means for expanding the shaped foamable 

20 structure, other than heating, may be utilized. Addition- 
ally, one or more support pieces may be utilized to fix 
the shaped foamable structure inside the hoi tow struc- 
ture, so that the shaped foamable structure does not 
contact the interior of the hollow structure. Moreover, the 

2S hollow structure may optionally be dipped in a paint bath 
after the shaped foamable structure has been placed 
inside the hollow structure, but before the shaped foam- 
able material is expanded. 

[0015] For the purposes of this specification, the term 

30 foamable" is used to describe materials that can be ex- 
panded in size by means of an external energy source, 
such as heat. Thus, a ■foamable" material is capable of 
expanding to form a foam like structure. The expansion 
ratio typically can be adjusted by adjusting the various 

55 compositions utilized to form the foamable material. 
[0016] Each of the additional features and construc- 
tions disclosed above and below may be utilized sepa- 
rately or in conjunction with other features and construc- 
tions to provide improved shaped foamable materials 

40 and methods for making and using such shaped foam- 
able materials. Detailed representative examples of the 
present invention, which examples utilize many of these 
additional features and constructions in conjunction, will 
now be described in detail with reference to the draw- 

45 ings. This detailed description is merely intended to 
teach a person of skill in the art further details for prac- 
ticing preferred aspects of the present teachings and is 
not intended to limit the scope of the invention. Only the 
claims define the scope of the claimed invention. There- 

50 fore, combinations of features and steps disclosed in the 
following detail description may not be necessary to 
practice the invention in the broadest sense, and are in- 
stead taught merely to particularly describe some rep- 
resentative examples of the invention, which detailed 

55 d scription will now be giv n with ref r nee to the ac- 
c mpanying drawings. 

[001 7] A first representative embodiment of the inven- 
tion is shown in FIGS. 1 to 6. As shown in FIG. 6, a rocker 
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panel 1 of a vehicle body A will be us d as an xample 
of a representative hollow structural member. As best 
shown in FIGS. 1 and 3, th rock r panel 1 is construct- 
ed from an longat d inner panel 2 having flanges 3 x- 
t nding along the peripheral edg s of the longated in- 
ner panel 2, and an elongated outer panel 4 having 
flanges 5 extending along the peripheral edges of the 
elongated inner panel 2. As will be readily appreciated, 
each of the inner panel 2 and the outer panel 4 is a two- 
piece construction having a pair of panel pieces. Such 
two-piece panels are used in order to increase the 
strength of the rocker panel. However, each of the pan- 
els 2 and 4 can be of a one-piece construction, if desired. 
The inner panel 2 and the outer panel 4 preferably are 
welded at flanges 3 and 5 by spot welding, so that the 
rocker panel 1 has an elongated, enclosed hollow struc- 
ture and has a longitudinally extending cavity 6 inside 
the hollow structure. 

[001 8] As best shown in FIGS. 1 to 3. a shaped foam- 
able structure 10 is preferably fixed within the cavity 6 
of the rocker panel 1 . This shaped foamable material 11 
can be expanded to fill the cavity 6 and reinforce the 
rocker panel 1. The shaped foamable structure 10 is 
preferably constructed from a shaped foamable material 
1 1 that is in an unfoamed state, and an attaching means 
or a pair of support members 30 for positioning the 
shaped foamable material 11 in the cavity 6. Each of the 
support members 30 can be a folded plate-like member 
that is formed of a steel plate and has a fixture base 31 
and a support wall 32 that cross at right angles. Other 
designs for the support member naturally may be uti- 
lized. 

[0019] The support members 30 are preferably dis- 
posed in the cavity 6 of the rocker panel 1 at desired 
intervals in such a way that the support walls 32 are fac- 
ing each other and are substantially perpendicular to the 
longitudinal direction of the cavity 6. The fixture bases 
31 of the support member 30 can be secured to an inner 
surface of the rocker panel 1 by spot welding or other 
such fixing methods, so that the support members 30 
are attached to the cavity 6. As best shown in FIG. 1, 
the support wall 32 of each support member 30 prefer- 
ably has a non-circular opening 33 that is formed at the 
center of each support wall 32. The opening 33 may 
have a variety of shapes, although it preferably has a 
rectangular shape in this embodiment. 
[0020] As will be readily appreciated, the fixture bases 
31 may be secured to the bottom surface of the outer 
panel 4 before the inner panel 2 and outer panel 4 are 
welded at flanges 3 and 5 in order to form the rocker 
panel 1 . In other words, the inner panel 2 and the outer 
panel 4 provided with the support members 30 are 
joined to each other, thereby forming the hollow rocker 
panel 1 that receiv s th support memb rs 30 in the cav- 
ity 6 of the hollow rocker panel 1 . 
[0021] As best shown in FIG. 3, th support wall 32 of 
ach support member 30 has an xternal dimension suf- 
fici ntly smaller than the dim nsion of the transverse 



cross section of the cavity 6, so as to form a clearance 
between the periphery f the supp rt member 30 and 
the inner surfac of the rocker panel 1 . This clearance 
is intended to p rmit paint to flow within the cavity 6 of 

5 the rocker panel 1 along the inn r surface of th rocker 
panel 1 , when the vehicle body A is dipped into a paint 
bath. As will be recognized, the paint can be introduced 
into the cavity 6 through paint introduction holes (not 
shown) that may be formed in the rocker panel 1 . 

10 [0022] In this representative embodiment, although 
the pair of support members 30 are secured to the inner 
surface of the rocker panel 1 by spot welding, the sup- 
port members 30 can be secured together using other 
securing means, such as screws, clips, magnets and 

is adhesives, etc. In addition, the support members 30 can 
be made from heat-resistant synthetic resins or other 
such materials instead of a metal, such as steel. 
[0023] Further, as shown in FIGS. 1 and 2, the shaped 
foamable material 11 can be a one piece element and 

20 can be supported by the pair of support members 30. 
The shaped foamable material 11 may preferably be 
constructed from a series of plate-like foamable pieces 
12 that are arranged in parallel with desired clearances 
13, a plurality of connecting pieces 14 that integrally in- 

25 terconnect the foamable pieces 12 at their central parts, 
and a pair of engagement projections 17 that are inte- 
grally provided on the foamable pieces 12 that are po- 
sitioned at both ends of the series, respectively. As best 
shown in FIG. 2, these engagement projections 17 may 

30 project outward in an opposite relation and can engage 
the openings 33 of the support members 30. Each en- 
gagement projection 17 may preferably be adapted to 
tightly fit into the opening 33that is formed in the support 
wall 32 of each support member 30. That is, the engage- 
rs ment projection 1 7 may, for example, have a rectangular 
cross section that corresponds to the rectangular cross 
section of the opening 33. Therefore, the support mem- 
bers 30 can non-rotatably fix the shaped foamable ma- 
terial 11 when each engagement projection 17 is insert- 

40 ed into the opening 33 of the support member 30. 
[0024] Moreover, as best shown in FIG. 3, each of the 
foamable pieces 12 in the unfoamed state preferably 
has an outer dimension that substantially conforms to 
the transverse cross-sectional configuration of the cav- 

45 ity 6. Further, the external dimension may be slightly 
smaller than the dimension of the transverse cross sec- 
tion of the cavity 6, so that a clearance exists between 
the periphery of the foamable pieces 12 and the inner 
surface of the rocker panel 1 . This clearance is intended 

so to permit paint to flow in the cavity 6 of the rocker panel 
1 along the inner surface of the rocker panel 1 , when 
the vehicle body A is dipped into the paint bath. 
[0025] While various compositions can be utilized to 
form the shaped foamable material 11 (i.e. .the foamable 

ss pieces 12, th connecting pi ces 14 and the ngag - 
ment projections 17), it is preferably made of a foamable 
material, such as foaming agents containing synth tic 
resinous materials, that can foam or expand at temper- 
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atures from about 110° C to about 190° C to provide a 
foamed product 20 (FIGS. 4 and 5). In addition, the 
foamable mat rial pr ferably contains metal adhesive 
r sins, fibrous materials and other additives, so as to 
produce a foamed product 20 that has high rigidity when 
it is expand d within the above-noted temperature 
range. By way of example, the foaming agents may be 
azodicarbonamide (ADCA), oxy-bis(benzenecarbonyl 
hydrazide), dinitrosopentamethylenetetramine or other 
similar compounds. The metal adhesive resins may be 
an ethylene-methyi acrylate copolymer resin (EMA), an 
ethylene-ethyl acrylate copolymer (EEA), an etylene- 
butyl acrylate copolymer (EBA) or other similar com- 
pounds. The fibrous materials may be glass fibers, or- 
ganic fibers or other fibers. Further, the foamable mate- 
rial preferably is formulated so as to expand at an ex- 
pansion ratio of about 2 to 5. Further examples of rep- 
resentative foamable material that can be used with the 
present teachings are disclosed in US Patent No. 
5,631,304 and US Patent Application No. 09/322,779, 
filed May 28, 1 999, which patent references are hereby 
incorporated by reference in their entirety. 
[0026] A representative method for incorporating the 
shaped foamable structure 10 into the cavity 6 of the 
rocker panel 1 and subsequent operations will now be 
described. Specifically, the fixture base 31 of one of the 
support members 30 may be first secured to the bottom 
surface of the outer panel 4 by spot welding or other 
such methods in such a way that the support wall 32 is 
substantially perpendicular to the longitudinal direction 
of the outer panel 4. The inner panel 2 and outer panel 
4 may then be welded at flanges 3 and 5 in order to form 
the rocker panel 1. Subsequently, one of the engage- 
ment projections 17 of the shaped foamable material 11 
may be inserted into the opening 33 of the support wall 
32 of the secured support member 30. Support member 
30 may be positioned on the bottom surface of the outer 
panel 4 in such a way that its support wall 32 faces the 
support wall 32 that was previously secured to the outer 
panel 4. At the same time, the second engagement pro- 
jection 17 of the shaped foamable material 11 may be 
inserted into the opening 33 of the support wall 32 of 
this support member 30. Under this condition, thefixture 
base 31 of the second support member 30 can be se- 
cured to the bottom area of the outer panel 4 by spot 
welding or other such methods. Thus, the shaped foam- 
able structure 10 is attached to the outer panel 4 in a 
manner that the foamable pieces 1 2 of the shaped foam- 
able material 11 are preferably arranged in series along 
the longitudinal direction of the outer panel 4. 
[0027] Subsequently, the inner rocker panel 2 and the 
outer rocker panel 4 are welded at flanges 3 and 5 there- 
of by spot welding to form the rocker panel 1 having the 
shaped foamable structure 11 disposed in the cavity 6. 
As a result, the shaped foamabl structure 10 is at- 
tached in the cavity 6 of the rocker panel 1 in such a way 
that the shaped foamable material 11 extends along the 
longitudinal direction of the cavity 6. As shown in FIGS. 



2 and 3, the shaped foamable material 11 is pref rably 
retained within the cavity 6 without contacting the inner 
surf ac s of the panels 2 and 4, so as to form a clearance 
between the periphery of the shaped foamable material 

s 1 1 and the inner surface of the rocker panel 1 . 

[0028] Th reafter, the entir rocker panel 1 may op- 
tionally be introduced into the paint bath. During this dip 
painting operation, the paint coats the outer surface of 
the rocker panel 1. The paint also enters the cavity 6 

10 through paint introduction holes (not shown) that may 
be formed in the rocker panel 1. Thus, the paint also 
coats the cavity surfaces of the rocker panel 1. As will 
be easily understood, the paint introduced into the cavity 
6 will be effectively applied to the inner surfaces of the 

is rocker panel 1 , because the shaped foamable material 
11 is retained without contacting the inner surfaces of 
the rocker panel 1 . As a result, the paint may suitably 
coat the cavity surfaces of the rocker panel 1 without 
leaving any un-painted portions. 

20 [0029] The rocker panel 1 can be heated using any 
suitable external heating source to both bake the paint 
coat and heat the shaped foamable material 11 within 
the cavity 6. As a result, the heated shaped foamable 
material 11 (i.e., the foamable pieces 12, the connecting 

2S pieces 14 and the engagement projections 17) will ex- 
pand to produce the foamed product 20, as shown in 
FIGS. 4 and 5. The foamed products 20 thus produced 
reliably adhere to the entire interior surface of the rocker 
panel cavity 6. As a result, the foamed product 20 fills 

30 or closes the cavity 6, thereby providing excellent damp- 
ing and sound insulation powers, as well as rigidity, to 
the rocker panel 1. 

[0030] It is important to note that when the shaped 
foamable material 11 is heated by the external heat 

35 source, the heat can be effectively conducted to the 
shaped foamable material 11 , due to the clearances 1 3 
provided between the foamable pieces 12. As a result, 
the shaped foamable material 1 1 can be quickly and uni- 
formly heated, so as to foam at a desired expansion ratio 

to in a short amount of time. Therefore, such a shaped 
foamable structure 10 may be specifically useful, if the 
rocker panel 1 has a large cross-sectional area. 
[0031] Also, as best shown in FIG. 4, when the 
shaped foamable material 11 is expanded by heating, 

45 the support walls 32 of the support members 30 may 
effectively prevent the foamed product 20 from inappro- 
priately expanding in the longitudinal direction of the 
cavity 6, because the shaped foamable material 11 is 
retained between the support members 30 that are ar- 

so ranged perpendicular to the longitudinal direction of the 
cavity 6. Therefore, the foamed product 20 desirably fills 
or closes the cavity 6 of the rocker panel 1 and reliably 
adheres to the entire cavity surface. This feature may 
further contribute to increasing damping and sound in- 

ss sulation powers and rigidity of the rocker pan 1 1 . 
[0032] In this embodiment, each of the foamable piec- 
es 12, the connecting pieces 14 and the ngagem nt 
projections 1 7 can be formed by injection molding the 
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foamable material. Howev r, the pr sent invention is 
naturally not limited to this type of structure. For exam- 
ple, th connecting piec s 1 4 and th engagement pro- 
j cttons 1 7 can be made of an unfoamable synthetic res- 
in rod or a metal rod (not shown), if desired. As will be 
appreciated, in such a case, the foamable pieces 12 are 
formed on the rod preferably by injection molding, so as 
to produce the shaped foamable material 11 that is ex- 
ternally constructed from the foamable pieces 12, the 
unfoamable connecting pieces 14, and the unfoamable 
engagement projections 17. 

[0033] A second representative embodiment, which is 
closely related to the first representative embodiment, 
is shown in FIGS. 7 and 8. Therefore, only constructions 
that are different from those constructions described in 
the first representative embodiment will be explained 
with respect to the second representative embodiment. 
[0034] As shown in FIGS. 7 and 8, the shaped foam- 
able material 11 is substantially constructed from a plu- 
rality of foamable pieces 12 and one specially formed 
foamable piece 12a, which pieces are formed separate- 
ly from each other. Preferably, each of the foamable 
pieces 12 has a tenon 15 to serve as a connecting 
means, which tenon 15 is provided on at least one sur- 
face of each foamable piece 1 2. The tenon 1 5 preferably 
has a rectangular cross section and a desired length. 
Moreover, each foamable piece 1 2 has a corresponding 
mortise 16 to serve as the connecting means, which 
mortise 16 is formed on the opposite surface from the 
tenon 15. The tenon 15 and mortise 16 are preferably 
formed to fit tightly together and the depth of the mortise 
16 is preferably less than the length of the tenon 15. 
[0035] On the other hand, unlike the normal piece 1 2, 
the special foamable piece 12a has tenons 15 provided 
on both surfaces. These tenons 15 preferably project in 
opposite directions and are aligned with each other. 
[0036] The normal foamable pieces 12 and the spe- 
cial foamable piece 1 2a may be arranged in series in 
such a way that the tenons 15 and the mortises 16 are 
adjacent to each other. Thereafter, the respective ten- 
ons 15 are press fitted into the respective mortises 16, 
thereby producing the shaped foamable material 11 in 
which the foamable pieces 12 and 12a are arranged in 
parallel with desired clearances 13. 
[0037] As will be easily recognized, in the shaped 
foamable material 11 thus constructed, the tenon 15 of 
the terminal normal foamable piece 12 and the remain- 
ing tenon 1 5 of the special foamable piece 1 2a function 
as engagement projections that engage the openings 
33 that is formed in the support wail 32 of each support 
member 30. Therefore, each tenon 15 is preferably 
formed to fit tightly inside each opening 33. 
[0038] In this embodiment, the tenon 1 5 has a rectan- 
gular cross section and the mortise 16 has a corre- 
sponding rectangular shap so as to tightly fit with the 
tenon 1 5. However, the shap s of the t non 1 5 and the 
mortice 16ar not limited to such a shape. For example, 
as shown in FIG. 9, the tenon 15 can be provided with 



a removed part 15a along the entire length thereof, and 
th mortic 1 5 can be provid d with a corresponding re- 
mov d part 1 6a xtending therethrough. In other words, 
th tenon 15 and th mortis 16 can be designed so as 
s to have a notched rectangular cross section. As will be 
easily understood, in such a structure, the adjacent 
foamable pieces 1 2 and 1 2a can be necessarily aligned 
in desired directions. As a result, the foamable pieces 
12 and 12a can not be inadvertently coupled in the 
io wrong position. Therefore, the shaped foamable mate- 
rial 11 can be easily and reliably manufactured. 
[0039] Further, it is important to note that the shapes 
of the tenon 15 and the mortise 16 are also not limited 
to the notched rectangular cross section. Instead, the 
is cross-sectional shape of the tenon 15 and the mortise 
1 6 can be, for example, a trapezoidal shape, a triangular 
shape, a notched circular shape or other such shapes 
that can provide such a connecting function. 
[0040] Moreover, in the first and the second repre- 
ss sentative embodiments, the shaped foamable material 
1 1 is positioned and supported in the cavity 6 of the rock- 
er panel 1 by means of the pair of support members 30. 
However, the attaching means is not limited to such sup- 
port members 30. 
25 [0041] Further, the rocker panel 1 of a vehicle body 
has been utilized as a representative hollow structural 
member. However, the hollow structural member is not 
limited to the rocker panel and may be a pillar, a roof 
side panel or other panels of a vehicle body. Moreover, 
30 the hollow structural member is not limited to parts of a 
vehicle body, as the present teachings are equally ap- 
plicable to the filling and/or reinforcing of any hollow 
members, such as structural components for buildings 
and ships. 

35 

Claims 

1. A shaped foamable structure for use in a hollow 
40 structural member, comprising: 

a shaped foamable material comprising a plu- 
rality of interconnected foamable pieces having 
clearances to facilitate uniform heating of the 
shaped foamable material. 

45 

2. A shaped foamable structure according to claim 1 , 
further comprising at least one support member at- 
tached to the shaped foamable material for posi- 
tioning the shaped foamable material within a cavity 

so of a hollow structural member. 

3. A shaped foamable structure as in claim 1 or 2, 
wherein the shaped foamable material has a fin-like 
structure. 

55 

4. A shap d foamabl structure as d fined in claim 2 
or 3, wh r in the foamable pi c s are integrally 
form d. 
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5. A shaped foamable struct ur as defined in claim 1 , 
2, 3 or 4, wherein each r spectiv foamable piece 
is s parately formed and the resp ctive foamable 
pieces are interconn cted by connecting means 
formed on the foamable pieces. $ 

6. A shaped foamable structure as defined in claim 5, 
wherein the connecting means comprises a tenon 
and a corresponding mortice provided on the oppo- 
site surfaces of each of the respective foamable 10 
pieces. 

7. In combination: 

a shaped foamable structure as in claim 1 , 2, 3 *5 
or 6 and 

a hollow structure, wherein the shaped foama- 
ble structure is fixed within the hollow structure 
such that the exterior surface of the shaped 
foamable material does not contact the interior 20 
surface of the hollow structure and the shaped 
foamable material can be disposed in the inte- 
rior of the hollow structural member such that 
the foamable pieces of the shaped foamable 
material are arranged along the longitudinal di- 2s 
rection of the hollow structural member. 

8. A method forming a foam structure within a hollow 
structure comprising the steps of: 

30 

fixing a shaped foamable material inside the 
hollow structure such that the exterior of the 
shaped foamable material does not contact the 
interior of the hollow structure, wherein the 
shaped foamable material comprises clearanc- 3$ 
es formed within the shaped foamable material 
that facilitate heating of the shaped foamable 
material and 

heating the shaped foamable material and the 
hollow structure, whereby the shaped foamable *o 
material expands to fill and adhere to the inte- 
rior surface of the hollow structure. 

9. A method as in claim 8, further comprising dipping 
the hollow structure and shaped foamable material 
in a paint bath before the heating step, so as to coat 
the entire interior surface of the hollow structure 
with paint. 

10. A method as claimed in claim 8 or 9, wherein the so 
shaped foamable material comprises a shaped 
foamable structure in accordance with any one of 
claims 1 to 6. 
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Shaped foamable materials 







(57) Shaped foamable structures 10 for filling hollow 
structural members 1 are described and preferably in- 
clude a shaped foamable material 11 constructed from 
a plurality of foamable pieces 1 2 that are arranged with 
desired clearances and are interconnected with each 
other, and an attaching means 30 for positioning the 



shaped foamable material 1 1 within a cavity 6 of the hol- 
low structural member 1 . Methods of placing the shaped 
foamable structures 10 within the hollow structural 
members 1 and heating the foamable material 11 to ex- 
pand and fill the hollow structural member 1 are also 
described. 
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